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$EVWUDFW² 7KLV SDSHU SUHVHQWV D QRYHO FKLS RQ ERDUG
DVVHPEO\ GHVLJQ IRU DQ LQWHJUDWHG SRZHU VZLWFK EDVHG RQ KLJK
SRZHU GHQVLW\ 9 VLOLFRQ ODWHUDO LQVXODWHG JDWH ELSRODU
WUDQVLVWRU 6L /,*%7 WHFKQRORJ\ /,*%7V RIIHU PXFK KLJKHU
FXUUHQW GHQVLWLHV ; VLJQLILFDQWO\ ORZHU OHDNDJH FXUUHQWV
ORZHUSDUDVLWLFGHYLFHFDSDFLWDQFHVDQGJDWHFKDUJHFRPSDUHGWR
FRQYHQWLRQDOYHUWLFDO026)(7VFRPPRQO\XVHGLQ/('GULYHUV
7KHKLJKHUYROWDJHUDWLQJVRIIHUHGXSWRN9WKHGHYHORSPHQW
RI KLJK YROWDJH LQWHUFRQQHFWLRQ EHWZHHQ SDUDOOHO ,*%7V VHOI
LVRODWHG QDWXUH DQG DEVHQFH RI WHUPLQDWLRQ UHJLRQ XQOLNH LQ D
YHUWLFDO026)(7PDNHV WKHVH GHYLFHV LGHDO IRU XOWUDFRPSDFW
ORZ ELOO RI PDWHULDOV %20 FRXQW /(' GULYHV &KLS RQERDUG
/,*%7VDOVRRIIHUVLJQLILFDQWDGYDQWDJHVRYHU026)(7VGXHWR
KLJK WHPSHUDWXUHV VHHQ RQPRVWRI WKH/(' ODPSHQFORVXUHVDV
WKH /,*%7¶V RQVWDWH ORVVHV LQFUHDVH RQO\ PDUJLQDOO\ ZLWK
WHPSHUDWXUH 7KH GHVLJQ LV EDVHG RQ D EXLOWLQ UHOLDELOLW\
DSSURDFKZKLFKIRFXVHVRQDFRPSDFW/('GULYHUDVDFDVHVWXG\
RIDFRVWVHQVLWLYHODUJHYROXPHSURGXFWLRQLWHP
.H\ZRUGV²FKLSRQERDUG ODWHUDO ,*%7 /(' GULYHUV
SDFNDJLQJUHOLDELOLW\
, ,1752'8&7,21
7KHVHPLFRQGXFWRUGHYLFHGHVLJQDGYDQFHVVWDWHRIWKHDUWE\
HQDEOLQJUHDOLVDWLRQRIVLJQLILFDQWO\PRUHFRPSDFWVROXWLRQVLQ
VL]H VHQVLWLYHSURGXFWV VXFKDV/(' OLJKWLQJPRELOHSKRQHV
LPSODQWDEOH FDUGLRYHUWHU GHILEULOODWRUV ,&'V DQG WDEOHW
FKDUJHUV > @ 7KH DGYDQWDJH RI KLJK FXUUHQW GHQVLW\ ORZ
SRZHU ORVVHV DQG UHGXFHG GHYLFH IRRWSULQW KDV OHG WR DQ
LQFUHDVHGDWWHQWLRQWRZDUGVWKHVHGHYLFHVLQKLJKYROWDJHORZ
SRZHU DSSOLFDWLRQV >@ 7R PDWFK WKH OHYHO RI DGYDQFHPHQW
DVVRFLDWHG ZLWK WKH FKLS WHFKQRORJ\ DQG HQDEOH WKH IXOO
H[SORLWDWLRQRI LWVSRWHQWLDODW DSSOLFDWLRQ OHYHO WKHDVVHPEO\
H[HUFLVH WDUJHWV WKH VWUXFWXUDO DQG IXQFWLRQDO LQWHJUDWLRQ RI
GHVLJQ HOHPHQWV WR \LHOG RSWLPLVHG HOHFWULFDO DQG WKHUPDO
PDQDJHPHQWRI WKHFKLS7KHVLJQLILFDQFHRI WKHFRQWULEXWLRQ
LVLWGHOLYHUVDPHWKRGRORJ\IRUGHYHORSLQJKLJKO\LQWHJUDWHG
UHOLDEOHDQGFRVWHIIHFWLYHODWHUDO6LEDVHGSRZHUVZLWFKHV$V
IDU DV ZH DUH DZDUH WKLV LV WKH ILUVW WLPH WKH ODWHUDO VPDUW
LQWHJUDWHGFKLSWRJHWKHUZLWKDFKLSRQERDUGDVVHPEO\DUH
























HPSOR\HG LQ DQ /(' GULYHU 7KH ' PRGHO RI WKH /,*%7
GHYLFH FRQVLGHUHG LQ WKLV ZRUN LV VKRZQ LQ )LJD $Q
HOHFWURQPLFURVFRSHLVXVHGFDSWXUHWKHLPDJHRIWKHGHYLFHDV
VKRZQLQ)LJE7KHVL]HRIWKHGHYLFHLVȝP[ȝP
ZLWKWKHGHSRVLWHGVROGHUEDOOVWKDWKDVDUDGLXVRIMXVWDERYH
ȝP7KLVSRVHVREYLRXV WKHUPDODQGHOHFWULFDO FKDOOHQJHV
ZKLFK QHHG WR EH DQDO\VHG LQ RUGHU WR HQVXUH UHOLDEOH
SHUIRUPDQFH
7KH OD\RXW RI WKH IDEULFDWHG /,*%7 GHYHORSHG LQ ȝP9
EXON VLOLFRQ WHFKQRORJ\ LV VKRZQ LQ )LJ D 7KH FURVV
VHFWLRQ DORQJ $ LQ )LJ D UHYHDOV WKH GLPHQVLRQDO
VFKHPDWLF RI WKH /,*%7 GHYLFH VWUXFWXUH SUHVHQWHG LQ )LJ
E 7KH/,*%7SRVVHVVHV DQHZGHVLJQ IHDWXUHZKLFK LVD
IORDWLQJ1OD\HU


D


E
)LJD7HUPLQDOOD\RXWRIWZRLGHQWLFDO/,*%7VZLWKDIXOO\SRSXODWHG
VROGHUEDOOPDWUL[RQDVLOLFRQEDVHGVXEVWUDWHEVFDQQLQJHOHFWURQ
PLFURVFRSH6(0LPDJHRIWKH/,*%7DQGFORVHYLHZRIDVROGHUEDOO
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QH[W WR FROOHFWRU 3 >@ 7KLV IHDWXUH DOORZV OD\RXW EDVHG
WXQLQJ DQG PLQLPLVDWLRQ RI GHYLFH ORVVHV EDVHG RQ WKH
DSSOLFDWLRQ  %DVHG RQ WKLV DQ 9 /,*%7 IRU KLJK
IUHTXHQF\ ORZFRVW DSSOLFDWLRQV KDV EHHQ GHYHORSHG DQG
LPSOHPHQWHGLQORZSRZHUKLJKHIILFLHQF\VZLWFKPRGHSRZHU
VXSSO\ 6036 V\VWHPV>@ 7KLV PDNHV WKH /,*%7 GHYLFHV
VXLWDEOHIRU/('GULYHUV
,, 3$&.$*(7+(50$/'(6,*1
7KH WHPSHUDWXUH ZLWKLQ /(' ODPSV PDNHV LW LPSHUDWLYH WR
KDYHDQHIIHFWLYHWKHUPDOSDFNDJHGHVLJQIRUWKHGHYLFHV-XVW
DVLWLVLPSRUWDQWWRHQVXUHWKDWWKHWHPSHUDWXUHRIWKHGHYLFHV
LVNHSWZLWKLQOLPLWVLWLVDOVRRILPSRUWDQFHWRHQVXUHWKHKHDW
JHQHUDWLRQ LQ WKH GHYLFH GRHVQ¶W VLJQLILFDQWO\ LQFUHDVH WKH
DPELHQW WHPSHUDWXUH 7KLV LV GXH WR WKH IDFW WKDW WKH /('
RSWLFDO RXWSXW LV VLJQLILFDQWO\ DIIHFWHG E\ WKH WHPSHUDWXUH DV
SUHVHQWHG LQ > @  ,Q >@ WKH RSWLFDO RXWSXW ZDV PHDVXUHG
ZKLOHDOWHULQJWKHDPELHQWWHPSHUDWXUH7KHUHVXOWVVKRZWKDW
WKHKLJKHUWKHDPELHQWWHPSHUDWXUH WKHKLJKHUWKHQXPEHURI
QRQUDGLDWLYH UHFRPELQDWLRQ RI FDUULHUV DQG VXEVHTXHQWO\
GLPLQLVKLQJ WKH OLJKW LQWHQVLW\ > @ 7KLV HPSKDVLVHV WKH
LPSRUWDQFHRIDJRRGWKHUPDOGHVLJQ
7ZR SRVVLELOLWLHV ZHUH H[SORUHG WR SDFNDJH WKH /,*%7 WKH
XVHRISULQWHGFLUFXLWERDUGV3&%ZLWKPRGLILFDWLRQVDQGWKH
XVH RI LQVXODWHG PHWDO VXEVWUDWH ,06 7KH 3&% SDFNDJH
GHVLJQ IRU DQ HIIHFWLYH FRROLQJRI WKH/,*%7 LV SUHVHQWHG LQ
)LJD 7KH SDFNDJH LV GHVLJQHG IRU RSWLPDO WKHUPDO
SHUIRUPDQFHXVLQJYLDVOLQNLQJWKHGHYLFHVROGHUEDOOVDQGWRS
3&%FRSSHU OD\HU WR WKHEDVHZKLFKFDQEHXVHGIRUFRROLQJ
$QDGGLWLRQDOFRSSHUIRLOLVXVHGDVDKHDWVLQNWRH[WUDFWKHDW
IURPWKHEDFNVLGHRIWKHGHYLFHDQGWKH3&%FRSSHUOD\HU
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6ROGHULVXVHGWRDWWDFKWKHFRSSHUIRLOWRWKHGHYLFHEDFNVLGH
WR LPSURYH WKHUPDO SHUIRUPDQFH $Q DOWHUQDWLYH WR 3&% RI
UHGXFHG FRPSOH[LW\ LV WKH LQVXODWHG PHWDO VXEVWUDWH ,06
ZKLFK LV VKRZQ LQ )LJE 7KH ,06 FRQVLVWV RI D FRSSHU
OD\HUZKLFK LVXVHGIRUHOHFWULFDOFRQQHFWLRQDQGDOVRDLGV E\
FRQGXFWLQJ WKH KHDW JHQHUDWHG E\ WKH GHYLFH $ GLHOHFWULF
PDWHULDO RI W\SLFDO WKLFNQHVV RI ȝP LV XVHG WR LVRODWH WKH
FRSSHU WUDFNV HOHFWULFDOO\ IURP WKH DOXPLQLXP VXEVWUDWH 7KH
DOXPLQLXPVXEVWUDWHFDQEHXVHGDVDKHDWVLQN


)LJD)DEULFDWHG/,*%7LQPEXONVLOLFRQWHFKQRORJ\OD\RXW
E'FURVVVHFWLRQDORQJ$
)ORDWLQJ1


D


E

)LJD3&%GHVLJQIRUDQHIIHFWLYHFRROLQJRI/,*%7E,06GHVLJQIRU
DQHIIHFWLYHFRROLQJRI/,*%7

&KLS &RSSHU
7UDFNV
'LHOHFWULF
$OXPLQLXP
6XEVWUDWH


)LJ'SORWRIKHDWJHQHUDWLRQ
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$Q H[WUDFWLRQ RI WKH KHDW JHQHUDWLRQ SURILOH VKRZV WKDW KHDW
JHQHUDWLRQLVKLJKHVWDWWKHWHUPLQDOVDQGOLQHDUO\GHFUHDVHVDV
LWPRYHVGHHSHUDZD\ IURP WKHGHYLFH WHUPLQDOVDV VKRZQ LQ
)LJ%\DSSO\LQJ WKH KHDW SURILOH LQ ILQLWH HOHPHQW DQDO\VLV
)($GLIIHUHQWSDFNDJLQJFRQILJXUDWLRQVKDYHEHHQDQDO\VHG
E\LQFOXGLQJDQGYDU\LQJYLDVFRSSHUIRLODVKHDWVLQNDQGWKH
WKLFNQHVV RI WKH 3&% FRSSHU WUDFN 7KH EHVW WKHUPDO
SHUIRUPDQFHLVDFKLHYHGZLWKȝP3&%FRSSHUWKLFNQHVV
PPFRSSHUIRLOFKLSWKLFNQHVVRIȝPDQGWKHLQFOXVLRQRI
YLDV DV VKRZQ LQ )LJ )RU D FKLS WKLFNQHVV RI ȝP WKH
,06 SURGXFHV WKH EHVW WKHUPDO SHUIRUPDQFH ZLWK D ¨7 RI
&$V D UHVXOW ,06 LV WKHQ FKRVHQ WR FUHDWH D SURWRW\SH
7KHGHYLFHLVVROGHUHGRQ,06XVLQJDGLHERQGHUE\KHDWLQJ
WKH,06DW&XWLOL]LQJFDPHUDDLGVWRDOLJQWKHSDGVWRWKH
EDOOVDFFXUDWHO\7KHSURILOHRI WKHVROGHUEDOO LV SUHVHQWHG LQ
)LJXVLQJ;UD\ LPDJLQJ7KLVSURILOHZDVXVHG WRVLPXODWH
WKHHOHFWULFILHOGEHKDYLRXULQVHFWLRQ,9
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,,, 7+(5020(&+$1,&$/02'(//,1*

7KHUPRPHFKDQLFDO PRGHOOLQJ RI SDFNDJH VWUXFWXUH RI HLJKW
FLUFOH /,*%7 GHYLFH ZDV XQGHUWDNHQ LQ RUGHU WR SUHGLFW WKH
VWUDLQ DQG VWUHVVHV LQ WKH VROGHU 7KH SDFNDJH FRPSRQHQWV
FRQVLVWV RI HLJKW FLUFOH /,*%7 GHYLFH GHYLFH FRQVLVW RI
DOXPLQXPPHWDOOD\HUVSRO\LPLGH6L2DQG6LVXEVWUDWHDVLQ
)LJD
7KHVROGHUYLVFRSODVWLFSURSHUWLHVZHUHH[WUDFWHGIURP&KHQJ
HW DO >@ 7KH VWDQGDUG WHPSHUDWXUH F\FOLQJ ZLWK UDPS DQG
GZHOOWLPHRIDQGPLQXWHVZLWKUDQJHRI&ZDV
LPSRVHGRQWKHPRGHO7KHSDFNDJHVWUXFWXUHZDVVWUXFWXUDOO\
UHVWULFWHG ZLWK WKUHH SRLQW VWUXFWXUDO ERXQGDU\ UHVWULFWLRQ
FRQVWUDLQW3ODVWLFVWUDLQGLVWULEXWLRQVRIVROGHUZHUHH[WUDFWHG
IURP WKH QXPHULFDO VLPXODWLRQ 7KHSODVWLF VWUDLQGLVWULEXWLRQ
RIVROGHUEXPSLVVKRZQLQ)LJ$FFXPXODWHGSODVWLFVWUDLQ
RI VROGHU EXPS VROGHU OD\HU EHWZHHQ FRSSHU IRLO DQG 3&%
DQG WKH VROGHU OD\HU EHWZHHQ FRSSHU IRLO DQG WKH VLOLFRQ
VXEVWUDWH ZHUH HYDOXDWHG E\ YROXPH ZHLJKWHG DYHUDJLQJ RI
WKLQ OD\HU  ȝP RI WKH WRWDO YROXPH $ &RIILQ 0DQVRQ
IDWLJXHPRGHO>@ZDVXWLOLVHGIRUOLIHWLPHHVWLPDWLRQRIVROGHU
MRLQW ,WZDV QRWHG WKDW VROGHU OD\HU EHWZHHQ FRSSHU IRLO DQG
WKHVLOLFRQVXEVWUDWHKDVWKHZRUVWOLIHWLPHZLWKF\FOHVWR
IDLOXUH 7KLV KLJKOLJKWV DQRWKHU DGYDQWDJH RI XVLQJ WKH ,06
RYHU WKH 3&% SDFNDJH DV ZLWK WKH ,06 QR FRSSHU IRLO LV
UHTXLUHGRUDGGLWLRQDOVROGHULVUHTXLUHG
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,9 81'(5),//(/(&75,&),(/'02'(//,1*
7KH FKRLFH RI XQGHU ILOO IRU IOLSFKLS DVVHPEO\ LV DOVR
LPSRUWDQW LQ WKH FRQWH[W RI RYHUDOO UHOLDELOLW\ ,Q RUGHU WR


)LJ6WHDG\VWDWHWKHUPDOVLPXODWLRQUHVXOWVRQDOLQHDUO\GLVWULEXWHGERG\KHDWIOX[DSSOLHGDFURVVWKHWKLFNQHVVRIVLOLFRQIRUGLIIHUHQWSDFNDJLQJ
FRQILJXUDWLRQVVKRZLQJWKH¨7EHWZHHQFKLSDQGDPELHQWLQ&IRU:SRZHUGLVVLSDWLRQIRU:/('

D


E

)LJD7HVWVDPSOHVROGHUHGRQ,06E;UD\LPDJHRIWKHVROGHUEDOOV


)LJ3ODVWLFVWUDLQGLVWULEXWLRQRQWKHVROGHUEXPS
RSWLPLVH RYHUDOO SDFNDJH FRQVWUXFWLRQ GHWDLOHG ILQLWH HOHPHQW
PRGHOVKDYHEHHQEXLOW WRDVVHVVHOHFWULFILHOGGLVWULEXWLRQVLQ
WKH XQGHUILOO IRU µRII¶ VWDWH RI WKH SDFNDJH VWUXFWXUH 7KH
JRYHUQLQJ HTXDWLRQ 3RLVVRQ HTXDWLRQ RI WKH HOHFWURVWDWLF
DQDO\VLVLV
 
9(
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


ZKHUH(HOHFWULFILHOG9HOHFWULFSRWHQWLDOİ±SHUPLWWLYLW\RI
WKHPHGLXPȡHOHFWULFFKDUJHGHQVLW\7KHPDWHULDOSURSHUWLHV
RI GHYLFH ZHUH VRXUFHG IURP SXEOLF GRPDLQ >@ IRU LQLWLDO
VWXG\7KHSHUPLWWLYLW\YDOXHVRI XQGHUILOO VROGHU 6Q$J
SRO\LPLGH6L2DOXPLQXP6LGLHDUHUHVSHFWLYHO\
DQG7KHKLJKYROWDJH9ZDVDSSOLHGRQWKH
FROOHFWRU DQG VROGHU EXPSV DQG JURXQG YROWDJH 9 ZDV
DSSOLHG RQ WKH JDWH RI WKH GHYLFH +LJKHU HOHFWULF ILHOG
GLVWULEXWLRQ ZDV FRQFHQWUDWHG LQ WKH UHJLRQ FORVH WR
SRO\LPLGHVROGHUXQGHUILOO LQWHUIDFH DV VKRZQ LQ )LJF DQG
F )RU XQGHUILOO UHODWLYH SHUPLWWLYLW\ YDOXH RI  )P WKH
PD[LPXP HOHFWULF ILHOG YHFWRU VXP YDOXH RI 9ȝP ZDV
REVHUYHGLQWKHPRGHOOLQJDVLQ)LJD
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7ZR VROGHU EXPS GLPHQVLRQV  ZLGWK EDVH RI  ȝP
DQG3&%RSHQLQJRIȝPDQGZLGWKEDVHȝP
DQG3&%RSHQLQJRIȝP PHDVXUHG LQ WKHH[SHULPHQW
ZHUHPRGHOOHGIRUHOHFWULFVWDWLFDQDO\VLV,WZDVQRWHGWKDWWKH
XQGHUILOO UHJLRQDURXQG WKH ODUJHUVROGHUEXPSH[KLELWKLJKHU
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